The influence of three methods cooling (white washing, fogging and forced ventilation) on the growth and yield of substrate grown sweet pepper crops grown in three similar greenhouses was evaluated. Cover whitening and fogging were the most efficient in controlling the maximum temperature and VPD, mainly during the vegetative development phase. The cooling methods adopted did not show any significantly different effects on total and marketable yield, despite the radiation reduction by the white wash. The crop subjected to the fog system showed the highest incidence of blossom end root (B.E.R.). The water use efficiency in relation to the marketable yield was higher with the whitening than with forced ventilation (16.2%) or with the fog system (29.2%). An economic evaluation showed that whitening was the most profitable cooling treatment.
INTRODUCTION
Over the last decades a great expansion of the protected horticultural area has occurred in the Mediterranean area, based on the climatic advantages of the region, such as high radiation and moderate temperatures in autumn and winter. The use of plastic greenhouses and the development of simple technologies that permit out of season production have notably influenced this expansion (Montero et al., 1998) .
The tendency in the market is to consume high quality fruits and vegetables throughout the whole year. This forces the growers to offer quality products, cultivated in hot periods, such as the bell type pepper in Almería. This requirement carries with it the need for improved greenhouse facilities to provide better climate control in order to meet the physiological requirements of the cultivated crops (González-Real and Baille, 2000) .
Until now, although some commercial greenhouses cooled by shading, evaporation of water and/or forced ventilation already exist in Almería, there have been few studies dealing in detail with their influence on the greenhouse climate or on the growth and development of the crop.
1. Forced ventilation, with three fans located in the eastern gable, at 3 m height, with entrances in the opposite gable. The maximum airflow rate was 40,000 m 3 h -1 , and temperature set points were modulated in the range 22-25 ºC depending on the humidity level. During the operation of the fans, the roof vents were opened to about 30% of their maximum aperture and the side vents were closed. 2. Natural ventilation with evaporative cooling (high-pressure water fogging system). The set point of the air vapour pressure deficit, VPD, was fixed at 1.5 kPa. 3. Natural ventilation plus whitening, (about 30% reduction in greenhouse solar radiation transmission) during the first 2 months of the crop cycle, and only natural ventilation after removal of the whitening on September 17 th .
Crop and cultural practices
The rows of sweet peppers (cv. Melchor) were planted on 21 July 2004 in containers (40 L volume) filled with perlite. The distance between rows was 1.60 m, and the distance between plants was 0.21 m, the plant density was 2.97 plants m -2 . Water and fertilisers were supplied by means of a drip system automatically controlled by a fertirrigation computer. The plants were managed following the "trellis" technique, which consists of keeping two main stems per plant and pruning all auxiliary shoots.
Measurements
The relevant climatic variables were continuously monitored outside and inside the three greenhouses. Air temperature (ºC), and VPD (kPa), were measured by aspirated psychrometers, located 1.5 m above ground, and solar radiation, Rs (W m -2 ) by a solarimeter. The control and management of the climate was from measurements taken every 30 s and averaged over 5 minutes, by a climate controller. With the aim of easing the analysis as well as the understanding of the climate data, they were grouped into week periods and the crop cycle was divided into two parts, period 1, from transplanting to the washing off of the whitening on week 9 (58 days after transplanting (dat)) and period 2, from week 10 until the end of the crop cycle.
The total, marketable and non marketable yields, yield by category, early yield and average weight of marketable fruits were analyzed. The classification of the fruits followed the sweet pepper quality regulations (REGULATION EU 1455 /1999 , modified by REGULATION EU 2706 /2000 . The yield analyses were performed for different periods which coincided with the change in the slope of the accumulated production fitting curves. Two periods were established: period 1 (0-125 dat) and period 2 (126-232 dat).
The volume of the applied irrigation water was measured (from 2 drippers) as well as the drainage (3 trays) in each greenhouse. The water used by the fog system was measured by direct reading of a water flow meter. For each cooling treatment, the water use efficiency defined as the ratio of marketable production to water consumed was calculated.
In order to evaluate the incidence of Bemisia tabaci and Frankliniella occidentalis, the populations were determined every 15 days by counting the insects on 20 plants in each greenhouse.
An economic evaluation of the different treatments was made. The gross incomes were calculated using the weighted average weekly prices for the respective harvest . The cost of the equipment and its installation were included, as well as the electricity cost of the forced ventilation system, the water cost of the fog system, the costs of applying and washing off the whitening and the average production costs of the pepper crop.
RESULTS AND DISCUSSION

Climate
In the initial phase of the crop, the average diurnal temperature was above 36 ºC with forced ventilation, against 34.4 ºC with fogging and 34.2 ºC with whitening (Table  1) . During the first three weeks of the crop, the forced ventilation treatment had maximum temperatures 3.5-4 ºC above the other two greenhouses. These differences decreased as the crop grew. These results are close to those obtained in similar experiments reported by Pérez-Parra et al. (2005) . Table 2 shows the average, maximum and minimum VPD values. In period 2 the values decreased notably, showing the same trend in all three treatments. The maximum average weekly VPD value of 4.1 kPa achieved with forced ventilation, was approximately 1 kPa higher than the values obtained with the other cooling methods. The fog system provided lower VPD values than those obtained by the whitening system, only during the first weeks of the crop cycle. Subsequently, because of crop leaf development in the whitening treatment (LAI>1), the shading and natural ventilation were able to maintain the VPD levels around 1.5 kPa.
The greenhouse light transmissivity with the whitening was 26 % and the inside radiation integral was reduced by 33 % for the period over which the greenhouse was whitened. Table 3 presents the final yield data. The whitening treatment achieved the maximum yield, both total and marketable (11.8 kg m -2 and 10.5 kg m -2 , respectively) in relation to forced ventilation (10.9 kg m -2 and 9.5 kg m -2 ) and the fog system (11.7 kg m -2 and 9.6 kg m -2 ). However, the differences were not statistically significant (P<0.05). Both the first and the second category production showed homogeneity between treatments, with values of 6-7 kg m -2 and 3.3-3.6 kg m -2 , respectively. However, the nonmarketable yield was statistically higher (P<0.05) in the fog system treatment (2.0 kg m -2 ) in relation to the forced ventilation (1.4 kg m -2 ) and whitening (1.2 kg m -2 ), due to the larger number of fruits with blossom-end-rot. Environments with high humidity have often been associated with the incidence of physiological disorders such as blossom-endrot in pepper (Aroca, 2003; Coelho, 2005; Maillo, 2005) . This physiological disorder is also associated with environments with high water demand and high radiation levels, possibly related with a higher growth rate of the fruit (Dorais et al., 2001) . A fast growth index promoted by high water demand environments and high radiation associated with an increase in photosyntesis, could increase the calcium demand for the synthesis of plasmalem, due to a higher rate of cell expansion (Ho et al., 1995; Dorais et al., 2001) .
Production
The fog system treatment provided greater precocity, with statistically significant differences (P<0.05) in relation to the other treatments. However, for marketable yield this trend was reversed and the whitening treatment had the highest precocity with 2.3 kg m -2 against 2.1-2.2 kg m -2 for the forced ventilation and fog system treatments respectively, these differences were also statistically significant.
There are also statistically significant differences (P<0.05) in average weight of the fruit between the fog system and the whitening treatments (201 g fruit -1 ) and the forced ventilation treatment (188.7 g fruit -1 ).
Bemisia tabaci and Frankliniella occidentalis
The forced ventilation treatment had the highest populations of Bemisia tabaci and Frankliniella occidentalis, with statistically significant differences in relation to the other two treatments. The fog system treatment had higher populations than the whitening treatment, especially of Frankliniella. The difference between treatments the fog and whitening treatments could be attributed to the fact that the fog system limited excess temperatures and eliminated the fast decreases of RH, thereby favouring the development and reproduction of Frankliniella. The differences between the forced ventilation and fogging treatments could be explained by a higher entry of insects into the former greenhouse aided by the pressure drop induced by the fans. These results are in agreement with those of Maillo (2005), who found larger trips populations in a forced ventilation greenhouse.
Water and energy use
The total irrigation water supplied ranged between 559 L m -2 for the forced ventilation treatment and 482 L m -2 for the fogging, and the water consumed by the crop was 387 L m -2 (forced ventilation), 360 L m -2 (whitening) and 334 L m -2 (fogging). These values were similar to those reported by Fernández (2000) , of 355 to 368 L m -2 for soil cultivation in both the east and west of Almería, and Gázquez (2003) for a sand mulched crop in the western part of the province.
The total water use of the fog system, to maintain a VPD set point of 1.5 kPa, was 138 L m -2 , which is similar to that found by Maillo (2005) The total amount of water supplied to the fog system greenhouse during the whole cycle was 620 L m -2 , of which 482 L m -2 were supplied through the irrigation system and 138 L m -2 by the fog system. The water used by the fog system was 22.3 % of the total amount of water supplied to the greenhouse, and is similar to that reported by (2005) for a perlite tomato crop in Almería.
The efficiency of water use values were 24.5 g L -1 , 20.7 g L -1 and 29.2 g L -1 for the forced ventilation, fogging and whitening treatments respectively. The highest, for the whitening treatment, was 16.2% higher than the forced ventilation treatment and 29.2% higher than the fog system greenhouse. The fog system treatment had a lower efficiency because the total amount of water used (irrigation and fogging), was higher than in the other two treatments, as reported Montero et al., (2003) and the marketable yield was lower because of the high percentage of fruits with blossom-end-rot.
At the end of the crop cycle (232 days), the electricity consumption of the fans was 9.3 kWh m -2 . This value is similar to the one obtained by Maillo (2005) Table 4 shows the economic evaluation and it can be seen that the pepper crops cultivated in greenhouses with forced ventilation or a fog system were not as profitable as in the whitened greenhouse. Therefore it is difficult to justify these cooling alternatives. Similar results were obtained during seasons 2002 /2003 (Aroca, 2003 ) and 2003 /2004 (Maillo, 2005 for similar crop conditions.
CONCLUSIONS
The general conclusions from this comparative study were: 1. Forced ventilation was the least effective cooling strategy, maintaining higher air temperatures and higher VPD values. 2. The temporary reduction to a value of 33%, of the global radiation reaching the crop by whitening of the plastic covering, did not affect the total production of fruits, increasing (with non statistically significant differences) the total marketable production and the first category fruits. 3. The fog system treatment induced a higher precocity, although 34% of the production was non marketable, mainly due to fruits being affected by blossom-end-rot. 4. The forced ventilation treatment had a higher and significant incidence of Frankliniella occidentalis and Bemisia tabaci. 5. The use of whitening to cool the greenhouse improved the water use efficiency in relation to the fog system and the forced ventilation greenhouses. 6. The total costs (installation plus operating) of the forced ventilation and the fog system, together with no increases in yield and/or quality of the pepper crop, do not encourage the implementation of such systems as an alternative to the usual whitening practice. 5) The prices used to evaluate the incomes were the daily prices published by the "Frutas y Hortalizas" magazine, and they are averaged weighted prices which distinguish harvest colour but not categories. Note: price of electricity 0.13 € kWh -1 , price of water 0.13 € m -3 .
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